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For dermatologists, assessing the safety and efficacy of sun
exposure in human skin has been a challenge since the
introduction of artificial sources of ultraviolet radiation (UVR)
as a therapeutic modality early in the 20th century. This in-
cludes evaluation of acute responses such as inflammation
and chronic effects including photoaging, photocarcino-
genesis, and immunosuppression to name several.
In this issue of the journal, Waterston et al (2004) studied
the cutaneous response to ultraviolet B (UVB) radiation in
normal human subjects of Fitzpatrick phototypes I and II by
first measuring erythema responses at multiple anatomical
sites. They administered a series of incremental doses of
energy between 38 and 300 mJ per cm2 at 12 pairs of body
sites. The study design permitted comparative assessment
of both within subject and between subject variations in
regional sensitivity to UVB. Erythema was measured using
a reflectance instrument and the minimal erythema dose
(MED) defined as UVB dose needed to produce barely de-
tectable visible redness determined at each site in each
subject. Additional studies were conducted in four of these
subjects to determine the induction of melanin pigmentation
by measuring the melanin index (MI) at the irradiated sites.
In a second protocol, human subjects of Fitzpatrick pho-
totypes I–IV were irradiated at three identical sites daily for
5 days with ascending standard erythemal doses of UVB.
Ninety-six hours later the irradiated sites and three matching
non-irradiated sites on the contralateral side of the body
were challenged with incremental doses of UVB and 24
hours later blood flow measurements obtained with a contact
laser Doppler flowmeter to obviate the overlapping spectra for
hemoglobin and melanin. The purpose of these studies was to
define the ability of the subjects to ‘‘photoadapt’’ to repeat-
ed erythema doses administered at different anatomic sites.
In the third experiment, erythema responses to diathranol,
a chemical irritant used therapeutically in psoriasis, were
defined by applying increasing doses of this agent under
occluded patches and then measuring erythema responses
with laser Doppler flowmetry.
Finally, baseline blood flow determinations and MI were
obtained at nine body sites to determine whether local an-
atomic variations in blood flow could influence UVB-in-
duced erythema and melanogenesis.
The authors have shown striking differences in respon-
siveness to UVB among human subjects of the same Fitz-
patrick phototype, thereby raising questions about the
utility of this system in assessing human erythema suscep-
tibility. For example, among subjects some anatomic sites
such as the forearm showed remarkable variation in ery-
thema responses and the chest and upper back appeared
to be most susceptible and the legs, not surprisingly, the
least sensitive to UVB. Within individual subjects there were
distinct ordering patterns of site responsiveness that have
implications for site selection for phototesting patients prior
to initiating phototherapy.
MI and MED showed an inverse correlation, and this was
unrelated to regional differences in cutaneous blood flow as
shown by laser Doppler flowmetry. The authors define
‘‘photoadaptation’’ as the difference in flux response to a
unit of UVB between skin areas previously treated with re-
peated exposure to such energy compared with an unirra-
diated site. There was a 2–3-fold reduction in erythema at the
photoadapted sites in these subjects irrespective of skin
phototype that was unrelated to blood flow.
Similar regional differences in erythema responses to di-
thranol were seen, indicating that anatomical variation in re-
sponse to diverse inflammatory stimuli may share certain
characteristics.
This study was designed to provide a rigorous compar-
ison of the utility of MED testing versus Fitzpatrick photo-
typing in characterizing human skin responsiveness to UVB.
It uses an innovative design and has provided provocative
results regarding the effects of UVB in human skin. Varia-
bility in the susceptibility of human skin to damage induced
by sunlight has been recognized for more than a century.
Paul Gerson Unna was among the first to draw attention to
skin carcinomas that developed in sailors, and he attributed
this to sun exposure:
Under the name ‘‘sailor’s skin’’, I have described an af-
fection of those parts of the skin exposed to the weather
which I have chiefly observed in those spending their
lives at sea.
(Unna, 1896)
He then describes in great detail the histopathological fea-
tures of squamous cell carcinoma and concludes that the
unique susceptibility of sailor’s skin to cancer is directly re-
lated to the amount of sun exposure.
Around the same time, similar observations were made in
France when Dubreuilh (1920) showed that fair-skinned
women harvesting grapes in the vineyards of Bordeaux de-
veloped large skin cancers on their sun-exposed faces but
none on the backs of their necks that were covered by
scarves.
How do we begin to explain these differences? It has
become clear that there are multiple effects of UVR on
the skin that likely influence erythematous, pigmentary, and
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neoplastic responses. Incident UVR induces structural
changes in DNA, particularly at dipyrimidine sites, that are
likely involved in both erythema and tanning responses
(Kadekaro et al, 2003). Efficient repair of these potentially
mutagenic foci is essential for reducing the risk of neoplasia
as evidenced by the striking increase in susceptibility to skin
cancer in patients with xeroderma pigmentosum with in-
herited defects in their ability to repair damaged DNA
(Gilchrest et al, 1999).
UVR exposure augments the expression of the tumor
suppressor gene p53, which in turn causes growth arrest
to facilitate DNA repair or programs the cell for apoptosis
resulting in the appearance of ‘‘sunburn cells’’ (apoptotic
keratinocytes).
The major factors influencing UVR sensitivity in human
skin are thought to be epidermal thickness and melanin
pigmentation (Lock-Andersen et al, 1997). Efforts to meas-
ure epidermal thickness in human subjects have generally
shown that there are regional differences but that in general
stratum corneum thickness only accounts for at most
around 10% of natural photoprotection against UVR as
compared with melanin pigmentation.
UVR-induced augmentation of cutaneous melanin pro-
duction involves at least two distinct processes: (1) imme-
diate pigment darkening, also known as the Meirowsky
phenomenon occurring within minutes of exposure, which is
primarily caused by ultraviolet a (UVA) and (2) delayed tan-
ning, which becomes visible within 48–72 hours and as-
suming no further sun exposure fades slowly over a period
of weeks to months and is due to both UVB and UVA.
Constitutive pigmentation of human skin determines the
extent of the tanning response to UVR, and this led Fitzpa-
trick to define six phototypes based on an individual’s an-
swers to six questions regarding burning and tanning.
Epidermal melanocytes in the various phototypes differ in
their ability to synthesize the darker melanin pigment, eu-
melanin, and the red–yellow pigment, phaeomelanin and in
their ability to transfer this pigment to adjacent keratin-
ocytes. A major difference between fair-skinned (photo-
types I and II) and dark-skinned (phototypes V and VI)
individuals relates to the predominance of phaeomelanin in
the former and eumelanin in the latter.
Paracrine factors such as a-melanocyte stimulating hor-
mone (a-MSH), adrenocorticotrophic hormone (ACTH), and
endothelin-1 (ET-1) that are synthesized by epidermal ker-
atinocytes are capable of stimulating melanogenesis. a-
MSH mediates its effect by binding to the melanocortin-1
receptor (MCR-1) and activating adenylate cyclase. MCR-1
is an important regulator of constitutive melanin pigmenta-
tion and tanning responses to UVR. It is polymorphic and
multiple allelic variants occur, particularly in Fitzpatrick pho-
totypes I and II. MCR-1 variants generally have red hair, tan
poorly and appear to be more susceptible to skin cancer
(Flanagan et al, 2001). MCR-1 is an important determinant
of eumelanin and phaeomelanin produced in hair (Ha et al,
2003). In fact as these authors point out MCR-1 is essential
for defining the entire pigmentary phenotype, reflecting the
close connection between skin phototype and hair color.
The importance of melanin in providing photoprotection
against UVR has been substantiated in human populations
by epidemiological studies showing an inverse correlation
between the degree of melanin pigmentation and suscep-
tibility to skin cancer (Kopf et al, 1984). The emigration of
Celtic populations from the British Isles to Australia led to a
rapid increase in skin cancer in these individuals as com-
pared with family members who did not emigrate. Addi-
tional evidence for the photoprotective role of melanin
comes from studies in albinos residing in tropical areas who
manifest striking premature photodamage and skin cancers
(Okoro, 1975). Indeed, the prevalence of skin cancer in al-
binos reaches almost 90% in patients over 20 years of age.
In addition to its importance in controlling melanin pig-
mentation, a-MSH also has anti-inflammatory and immuno-
modulatory effects. Recent studies have shown that acute
exposure of human skin to UVR (twice the MED of solar-
simulating radiation) resulted in upregulation of proopio-
melanocortin and IL-10 mRNA levels as well as a-MSH and
IL-10 protein in suction blister fluid (Schiller et al, 2004).
Furthermore, MCR-1 mRNA and protein were also upreg-
ulated, suggesting that a-MSH may modulate UVR-induced
inflammatory responses.
Additional effects of UVR relate to the immune system.
The immunosuppressive effects of UVR contribute to the
development of skin cancer by inhibiting cell-mediated re-
sponses that normally check the development of skin can-
cer (Kripke and Fisher, 1976). Furthermore, UVR can block
hypersensitivity responses to contact allergens at both the
induction and elicitation phases of this process. Recent ev-
idence implicates UVR-induced cytokines such as IL-10
that block effector cell function and IL-12 as important
participants in suppressing cutaneous immune respon-
ses (Nghiem et al, 2002). In addition Werth et al (2003)
showed that IL-12 can block UVR-induced secretion of
tumor necrosis factor-a (TNF-a) from cultured human kera-
tinocytes and fibroblasts, which may also contribute to
immune suppression.
What other factors might be relevant to the heterogeneity
of human skin responses to UVB? Circadian rhythms may
be involved since skin is the body organ that has the great-
est direct exposure to sunlight. Zanello et al (2000) showed
that two circadian rhythm clocks (clock and period 1) are
expressed in human keratinocytes, melanocytes, and fib-
roblasts and concluded that circadian mechanisms in skin
could influence local responses to radiant energy in cuta-
neous tissue. LeFur et al (2001) verified circadian rhythms in
face and/or forearm skin for multiple properties including
sebum excretion, transepidermal water loss, skin temper-
ature and capacitance. They concluded that rhythms of skin
surface parameters are detectable and that they vary at
different anatomic sites. Kawara et al (2002) showed that
UVB irradiation of normal human epidermal keratinocytes
alters expression of circadian clock gene mRNA. Yosipov-
itch et al (2004) detected a circadian rhythm in skin blood
flow with daily low flow in the morning hours and highest
values during the afternoon and early evening.
There is also increasing evidence that epidermal–dermal
cross talk plays an important role in regulating cutaneous
homeostasis and repair of injury. Maas-Szabowski et al
(1999) showed that a double paracrine mechanism medi-
ated by keratinocyte IL-1 release could induce keratinocyte
growth factor (KGF) in co-cultured fibroblasts. Moon et al
(2002) showed that incubation of human dermal fibroblasts
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in keratinocyte-conditioned medium results in a several-fold
increase in the level of matrix metalloproteinase-1 (MMP-1)
and that this was mediated by agonists related to members
of the epidermal growth factor receptor or IL-1 receptor
families. Such paracrine signaling could contribute to re-
gional differences in response to UVR. The effect of solar-
simulating radiation on matrix gene and protein expression
has been assessed in human skin in vivo (Seite et al, 2004).
A 3-fold increase in mRNA for MMP-2, IL-1a, IL-1b and
plasminogen activator inhibitor was seen, indicating that
human skin exposure to solar-simulating radiation can alter
structural extracellular matrix proteins and the balance be-
tween degrading enzymes and their inhibitors.
In summary, the paper by Waterston et al raises many
more interesting questions regarding the mechanisms un-
derlying the differential responses of human skin to UVB
radiation. The Fitzpatrick phototypes have clear limitations
and the MED and MI results suggest that regional variability
in responses to physical and chemical agents will need to
be considered more carefully in evaluating the skin’s sus-
ceptibility to damage by environmental exposures. Finally
these results suggest that localization of certain skin dis-
eases could be explainable by novel mechanisms unique to
certain anatomic regions.
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